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Concepts o f  electrostatic discharge (ESD) and h o w  t o  protect electronic 
products f rom ESD are thoroughly discussed. 

The effect of humidity and temperature on ESD sensitivity, the antistatic 
properties of various packaging materials and the problems of latent 
failures are described. Demands t o  be met by the packaging materials are 
described. 
Examples are given regarding the design o f  the handling and work environ- 
ment in order t o  reduce the damage caused by ESD. 
Problems concerning the various ways o f  measuring charging ability, dis- 
charging time, surface resistivity and shielding properties are examined. 
The important European standard EN 100 015-1 is described. 
Some cases illustrating the problems o f  ESD, as experienced by inter- 
national electronics industries, are commented on. 
Future possibilities for development and suggestions for further research i n  
the field o f  ESD protection are discussed. 
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PART I 

INTRODUCTION 

This paper presents a small part of an extensive state-of-the-art report describing 
factors causing ESD and measures to protect against ESD damage.' 

BACKGROUND 

Electrostatic discharge (ESD) is a very complex problem, above all for the electronics 
and engineering industries, but also in packaging to ensure safe deliveries to these 
industries. As electronic components become increasingly smaller and have a 
higher packaging density, the sensitivity to electrostatic discharge increases. Most 
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malfunctions, spontaneously functioning or non-functioning equipment, etc., could 
be caused by electrostatic discharge. A majority of the problems arising between 
completion and use, whose causes are unknown, may be ascribed to the ESD 
phenomenon. 

Today, ESD protection is applied both during production and in the transport and 
handling of most electronic products. The actual cost of ESD damage, which would 
indicate a cost-benefit ratio for investments in ESD protection, is difficult to estimate. 
However, one can hardly remove ESD protective measures in order to obtain such an 
estimate. The problem with ESD damage is that it occurs randomly; sometimes with a 
sudden, massive emergence of faults and at other times with sporadic faults, 
depending on the sensitivity level of the components. The sensitivity level also 
varies statistically. Nevertheless, some cost assessments of the damage caused by 
ESD have been made. 

The outcome of such investigations depends to a large extent on the importance 
given to the latent failures. Should, for instance, different costs be attributed to 
faults occurring long before or immediately after the guarantee expires? In the 
former case, the direct cost of the damage will be higher for the supplier, while in 
the latter case the cost of having a reputation of poor quality may be even higher. 
A few examples of cost evaluations of ESD damage and ESD protection are given 
below. 

According to Becker2 it was estimated that products valued at about 22 billion 
dollars of a 450 billion dollar turnover of electronic equipment in the USA, were 
affected by ESD. This indicates that ESD related costs are around 5% of total sales. 

According to Beck,3 American estimates show an annual savings potential of about 
5 billion dollars by eliminating ESD related damage. In order to reach such savings, 
an ‘electrostatic discharge control system’ should be introduced in production and 
handling. Unfortunately, it is often difficult to show the company management the 
costs of ESD damage, because the problem is such a complex one. However, the 
intensified investments in various quality systems, such as I S 0  9000, show that 
ESD issues are also dealt with in a more serious and systematic way. International 
standards demanding ESD protection, such as EN 100 015, also increase the aware- 
ness of and the need for ESD protection. 

Cases which demonstrate how the cost increases with late failure correction are 
often illustrated by arithmetic examples, in which the rule of thumb is a 10-fold rise 
in costs at each processing stage. If the cost for repairing a component is I ,  the 
cost at printed circuit board (PCB) level is 10, at installation level 100 and at field 
service level 1000. For some industries, such as the military and space industries, 
faults caused by ESD are totally unacceptable. In these cases, repair costs could 
mean disaster. 

Another independent study by Frank4 showed that 60% of phone calls regarding 
service which resulted in ‘no faults found’ could be ascribed to effects of static electri- 
city in the user environment. The so-called ‘yo-yo effect’ is, unfortunately, only too 
well known. It means that a technician is summoned, he finds no fault, and a short 
while later the same problem arises again; or he fixes the problem and introduces 
another, without meaning to, at the same time. 
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In conclusion, one can say that ESD damage, regardless of how it is estimated, 
leads to a large and expensive complex of problems. Therefore, it pays to invest in 
keeping ESD damage down and from the aspects of quality and competition such 
investments are necessary. 

FACTORS AFFECTING ESD 

Electrostatic discharge derives from static electricity, which can be explained as elec- 
tric charge at rest. The electric charge is caused by polarization, i.e. a concentration of 
electrons in the same object, or through conductive charging from one object to 
another. 

Permanent electrostatic charges may arise on the surface of one material when 
separated from another. Normally, electrostatic charges are built up by rubbing or 
friction, known as triboelectricity. In this regard, the rubbing of two surfaces against 
each other can be considered as repeated separations. 

Several studies have been conducted on the influence of the triboelectricity on 
surface resistivity and chargeability. Fowler' has demonstrated that there is no 
natural correlation between the triboelectric properties, i.e. chargeability, and the 
surface resistivity. Normally, however, a low surface resistivity implies that the 
chargeability is low. The same observation of a non-correlation between these proper- 
ties has also been made by Unger,6 H ~ n t s m a n , ~  Baumgartner8 and others. The 
subject is a very complex one and the triboelectric series (Table 1) is not always iden- 
tical, but depends on which researcher has produced it. Instead of a uniform triboelec- 
tric series, Fowler' has demonstrated that there are so-called triborings. Such an 
example is that of silk, glass and zinc. When silk is rubbed against glass, it leads to 
a negative charging. Glass causes a negative charging on zinc and zinc causes a nega- 
tive charging on silk. This is always the case, although in most triboseries glass is 
higher than silk and silk is higher than zinc. This calls for a careful determination 
of the polarity arising due to the contact charging between different materials. 

Furthermore, the effect of different hygroscopicity of materials has to be con- 
sidered. Fowler, for example, observes that the surface resistivity as such is insignifi- 
cant at the stage of triboelectric charging, but contributes to the ability of the material 
to 'bleed' transferred charging. Several factors affect triboelectricity and electrostatic 
charging (Table 2) and, despite the fact that all these parameters are important in 
triboelectric charging, no single parameter dominates during the whole process. 
PTFE (polytetrafluorethylene), for example, with the brand name Teflon ', has a 
very low friction coefficient. At the same time, it is one of the most negatively aggres- 
sive triboelectric materials. Fowler' describes a similarly complicated relationship 
between surface resistivity and discharge time. 

To support ESD testing, there are a number of ESD models based, among other 
things, on the type of discharge pulse present or expected. Naturally, they are just 
models of a complicated reality and Swenson and Lieske" are among a number of 
scientists who, on the basis of previous studies, maintain that the CDM (charged 
device model) test procedure is one of several methods which may in fact damage 
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Table 1. Triboelectric series 

Materials 
~ 

Increasingly 
positive I' 

Quartz 
Glass 
Mica 
Human hair 
Nylon 
Wool 
Fur 
Lead 
Silk 
Aluminium 
Paper 
Cotton 
Steel 
Wood 
Amber 
Sealing wax 
Hard rubber 
Nickel, copper 
Brass, silver 
Gold, platinum 
Sulphur 
Acetate rayon 
Polyester 
Celluloid 
OrIon " , saran '' 
Polyurethane 
Polyethylene 
Polypropylene 
PVC (vinyl) 
Silicon 
Teflon '' 

Increasingly 
negative 

Source EIA-541, June 1988 
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Table 2. Factors affecting tribo- 
electricity and static charging 
(from Fowler') 

Surface physicals 
Tacticity (coefficient of friction) 
Smoothness 
Topology 
Viscoelasticity (conformability) 

Morphology (amorphous, crystalline) 
Work function 
Energy level 
Fermi level 
Electronegativity (metals) 
Purity 
Polymer backbone 
Polymer side groups 
Physical state (gas, liquid, solid) 
Molecular mobility 
Temperature 

Tribo series position 
Contact 

Material physicals and chemicals 

Time of contact 
Area of contact 
Number of contacts (repeated contacts) 
Type of contact 

Rubbing 
Rolling 
Point 
Directional (reversal) 

Contamination (surf ace) 
Humidity/wager 
Material transfer 
Surface reactions 

Oxidation 
Reduction 
Sulphonation 
Fluoridation 

Particulate 
Greases/oils etc. 
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the electronic component during the charging process rather than during the dis- 
charging process, as was the purpose of the test method. 

Latent failures 

Latent failure is a very controversial phenomenon in the ESD field. A component 
with a latent failure is degraded but still meets the specification. The degradation 
continues with time if the component is subjected to stress. To begin with, the compo- 
nent has intermittent failures, but later disastrous failures occur. ' Some people 
consider this a serious problem, whereas others consider it much exaggerated. An 
interesting bibliography by Garnmilll2 lists 42 references for and eight against the 
fact that latent ESD failures occur. It should, however, be noted that the eight refer- 
ences which doubt the existence of latent ESD failures do not suggest that products 
should not be protected against ESD. At present, it should be clear that latent fail- 
ures present a major and complex problem. Several of the product failures which 
cannot be explained-when a service engineer is summoned, finds no fault, but the 
fault occurs again-may be due to latent failures. The same thing, combined with 
ageing of the components, could also be the case when a television set or a video 
recorder, which had a problem and was brought for service, continues to require 
service at  short intervals. If the repair shop has not been safeguarded against ESD, 
which is often the case in a consumer business, new latent failures are easily intro- 
duced during repair. 

This phenomenon is much debated, particularly with regard to time-related latent 
failures, partly because of difficulties in distinguishing between cause and effect and 
the statistical distribution of the components. 

Humidity and temperature effects 

ESD properties vary greatly, particularly in relation to relative humidity, but also to 
temperature. Most test standards are based on a low and unfavourable relative 
humidity of 15%. 

Kolyer and Rushworth13 report an interesting study where the surface resistivity 
was measured as a function of temperature and relative humidity for 12 different 
film materials, four of which were antistatic. The test method used was ASTM D- 
257. One conclusion drawn was that the moisture content of the material was the 
primary factor affecting surface resistivity. The surface resistivity is, in turn, deter- 
mined by the relative humidity. There are, however, temperature effects as well. At 
a constant relative hygroscopic humidity the resistance of the antistatic materials 
decreased exponentially with temperature, i.e. with increasing water content. This is 
also true for dielectrics and semiconductors, whereas metals show the opposite 
effect. At high relative hygroscopic humidity levels the effect of temperature is 
small or non-existent when the materials move from a semiconducting to a 
conducting state. As temperature has a significant effect, it is important to conclude 
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that the temperature should be stated together with the relative hygroscopic humidity 
when measurements of surface resistivity are made. It is often assumed that surface resis- 
tivity varies exponentially with relative hygroscopic humidity, e.g. according to ASTM 
D-257, but as far as cellulose-based materials (paper and cellophane) are concerned 
surface resistivity varied almost linearly with hygroscopic humidity. 

PACKAGING MATERIALS 

Packaging materials in the ESD protection field are often associated with the so-called 
pink poly materials, the first to be developed for antistatic purposes. Today we have 
other types of material, such as aluminium or copper metallized materials, carbon 
loaded plastics, etc. 

Because the problems concerning ESD protection are complex, different appli- 
cations require specific protection. There are a variety of ‘schools’ regarding the 
ESD protection and they can roughly be divided into the conductive and the anti- 
static schools. l 4  Briefly summarized, the ‘conductive school’ maintains that all 
charges should be conducted away as soon as they arise, while the view of the ‘anti- 
static school’ is that all charges, irrespective of size, should be discharged slowly, 
‘bleeding’ away. A combination of semiconductive and conductive materials is 
often preferred. One should bear in mind that if only antistatic materials are used, 
the electric field can pass through them because they lack a shielding capacity. There- 
fore, transport boxes should not be of a low ohm type, despite their smaller shielding 
effect. The application should decide on the type used. 

The pink poly materials contain various electrostatically dissipative agents which 
reduce the triboelectric charge, primarily by being ‘greasy’ and thus hygroscopic, 
i.e. they attract moisture. The problem with these agents lies in the very fact that 
they are additives, which migrate into the materials and eventually disappear from 
them. There were, although earlier, also problems with corrosion on electronic 
components and in connection with certain metals. Another problem could be that 
they are health hazards, for example if they contain amines. The development in 
this area, described by McCrary’’ among others, deals with such requirements as 
decay times, surface resistivity and sealing ability. 

Large differences in quality between antistatic materials have been demonstrated in 
an extensive study by Fuqua16 in 1982. He showed that quality varied not only 
between different manufacturers, but also between different consignments from the 
same manufacturer. Of course, the differences between manufacturers are larger 
than those in the products from the same manufacturer. Fuqua critically examined 
different types of packaging and packaging materials with regard to their ESD 
properties. With regard to bags for electronics, etc., the materials are divided into 
three general types: 

(i) bulk conductive plastics 
(ii) plastics with an antistatic agent 

(iii) metallic films combined with other materials 
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According to this investigation, type (i) offers excellent electrostatic protection (but 
not necessarily protection against triboelectric charging). Type (ii) offers protection 
against triboelectric charging, but no protection against electrostatic fields, while 
(iii) combines the best properties of types (i) and (ii). 

An interesting experimental study by Tenzer et a1.I7 compared the antistatic 
properties of bubble film and foamed cellulose plastic (polyethylene and polypropyl- 
ene). All the materials showed a dramatically increased surface resistivity and decay 
time when the relative hygroscopic humidity decreased. This was expected, since the 
materials use hygroscopic humidity to acquire antistatic properties. However, the 
connection between surface resistivity and decay time were not as apparent for 
the bubble materials. The material with the ‘best’ surface resistivity did not have the 
‘best’ decay time. One explanation for this is that bubble materials introduce ‘faults’ 
in the measurements due to their surface structure (Figure 1). Bubble material has a 
considerably larger ‘active’ area than foamed material of the same sample size. This 
leads to faster decay of electrostatic charge on foamed material, even if the measured 
surface resistivities are equivalent. 

Both Fuqua16 and Tenzer et al.17 emphasize the importance of the material manu- 
facturers using statistical process control. Many of the materials tested showed incon- 
sistent results, although the manufacturers stated that the materials were within the 
norms (in this case MIL-B-8 1705B). For example, the discharge times varied between 
0.1 and 2 s, depending on which consignment of ‘the same material’ was tested. 

ESD AND CORROSION 

Common antistatic agents are organic compounds, such as amides containing 
hydroxyl groups, glycerides, tertiary amines and quarternary ammonium salts. 
How these agents affect the tendency of the electronics to corrode is a very complex 
issue and substantial development of methods and standards is needed. 

In Franey et al.” the development of an ESD and corrosion protecting material in 
the group of ‘reactive polymers’ is described. It consists of a polymer base, e.g. poly- 
ethylene, polypropylene, ABS or PVC, to which a ‘solid state’ agent is added. The 
significance of this material is that it does not contain easily volatile agents, which 
could contaminate parts the material it is supposed to protect. The material is 
described as a polymeric matrix containing a copper particle agent which reacts to 
the corrosive atmospheric gases and thus prevents their penetration through the 
polymer. It was assigned the name ‘reactive polymer’ because of the reactivity of 
the copper particles. 

Carbon-loaded polymers are often used as electrostatically dissipative materials. 
Certain types of carbon black are very conductive, which means that the dispersion 
of polymers and carbon black at a sufficiently high concentration can result in 
conductivity within the desired range. However, it has been shown that the conduc- 
tivity mechanism is characterized by a threshold value for the passage of current. 
This means that there are no conduction paths for electricity through the material 
at concentrations below this threshold value. For concentrations above the threshold 
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PATH ACROSS BUBBLE MATERIAL 

PATH ACROSS FOAM MATERIAL 

Figure 1. Differences in decay times due to 'geometric' reasons (from Tenzer et a/.") 

value, the conduction paths are arranged at random and the resistivity level then 
drops. One problem with carbon-loaded materials could be due to the tendency of 
carbon particles to be released and thereby contaminate the surroundings; in this 
case printed circuit boards backed up by battery printed circuit boards. They are 
therefore unsuitable for clean room environments or for printed circuit boards with 
battery backing-u due to leakage currents. 

Anderson et alP9 conducted electron microscopy tests on antistatic polyethylene. 
They found that some materials, even from large manufacturers, contained an 
organic acid which reacted with solderings/soldering points and produced lead 
salts. Like oxides in general, they decrease the conductivity of the circuits. In corro- 
sion tests they found that the standard method MIL-B-81705B was not representa- 
tive, because steel plates were used in this contact corrosion test. A natural 
conclusion was that such tests should be conducted using materials which are 
common in electronics, such as tin, lead and copper. 

Bordoloi2' has evaluated and characterized antistatic and static dissipative 
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materials with regard to their corrosive and contaminative properties. Accelerated 
testings were created to study contamination and corrosion at low relative humidity 
(10-15% RH) as well as high (90-95% RH) and at elevated temperatures of 70 and 
60°C, respectively. The metal coupons used were made of copper. At low humidity 
levels contamination dominated, while high levels gave both contamination and 
corrosion, with an increasing focus on the latter. Auger spectroscopy was used to 
detect and quantify the samples. 

Investigations by Huntsman and Yenni2' demonstrated that conductive, i.e. 
carbon-treated, cellular plastics did not produce corrosion if the circuits were clean 
and uncontaminated when placed in the foam. However, if the contacts were handled 
manually and thus became contaminated, severe corrosion was found after the test 
period, which in both cases was in a climate of 65°C and 80% RH for 14 days. 

Kolyer and G ~ t t e n p l a n ~ ~  describe corrosion and contamination caused by anti- 
static agents in plastic films. It is particularly interesting to note that the new 'acid- 
free' and 'amine-free' amides were described as such because they had a low acidity 
and a low amine content, 4-6% by weight of diethanolamine in the investigation. 
Thus they were not totally void of amines or acid. 

ESD STANDARDS 

Tests of ESD properties can be made either by exposing the components/electronic 
equipment to ESD pulses or by testing the protective materials/packages with 
regard to their protective ability. In our review the latter dominated. However, to test 
packaging materials it is useful to know how and to what the electronic equipment 
reacts. 

Within the field of ESD a few product-related standards form the basis for the rest. 
For components they are MIL-STD-883 or EIA-541 and for systems it is IEC-801. 
Most other standards are related to these. When it comes to packaging, there are 
no distinctly dominating standards, although the ASTM norm for surface resistivity 
(ASTM D 257) is often cited and EN 100 015 has a strong position in Europe. 

The main distinction between standards is the choice of levels, for example of charg- 
ing before discharging. Some sort of adjustment is made for the product types, 
depending on the application of the standard. Because of its rubber tyres, a car, for 
example, is exposed to a different electric environment than electric equipment in 
an open-plan office. 

The unification of Europe will gave EN 100 0 15 a more pronounced position. Part I 
of this document has, in its present form, been strongly criticized, but it is already 
applied as a European norm (EN 100 015-1). Three further parts were published in 
December 1993, dealing with rooms with low humidity conditions ( < 20% RH), with 
clean room areas and with high voltage environments (> 1250V AC or > 2500V DC. 

When studying different norms it is important to pay attention to the large 
variation in present methods, numerical values, etc. One such example is the varia- 
tion in charging levels and acceptable discharging times for the measurement of 
discharging time, i.e. a material could pass one test method and fail another. Thus, 
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there is a great need for international compliance and harmonization, while at the 
same time allowing for the necessary adjustment to different needs, product types, etc. 

The Cenelec Electronic Components Committee (CECC) have a basic specification: 
Protection of Electrostatic Sensitive Devices. Part 1: General Requirements (issued as 
EN 100 015-1 1991). This European standard has great penetrative potential. The 
standard consists of nine sections and a number of clarifying appendices, which 
among other things outline test procedures. The nine sections are: 

(1) General; contains aim and definitions, 
(2) Design considerations for minimizing ESD, 
(3) Label symbols and marking, 
(4) ESD protected area, 
( 5 )  Packaging for transport 
(6) Purchase, receipt, and storage, 
(7) Training (education), 
(8) Responsibility for quality, 
(9) Instructions for recurrent auditing. 

A more detailed description of some of the sections relevant to this report is outlined 
below. 

CECC define and give guidelines for three types of packaging material for 
protecting electrostatic discharge-sensitive devices (ESDS), i.e. components or 
products which are sensitive to electrostatic discharge and today all electronic compo- 
nents should be regarded as such. They include the following. 

Zntimatepackaging:-refers to material which comes into direct contact with an ESDS. 
These materials should be antistatic and conductive (electrostatically dissipative) and 
have certain surface resistivity values. Nowadays numerical values are not emphasized. 

Proximity packaging:-refers to material which is not in direct contact with an 
ESDS but is used for packaging of one or several products. This is roughly equivalent 
to the concept of a unit package. These materials should be conducting and used outside 
the so-called EPA (ESD protected area), which means that in an uncontrolled ESD 
environment, packages which shield ESDS against electrostatic discharges should be 
used and so-called pink poly or conductive materials cannot be used alone when the 
product leaves the EPA. Shielding material must be added. 

Secondary packaging:-refers to material which is basically used to give an extra 
outer mechanical and moisture protection and cover the unit package. This is 
roughly equivalent to the concept of transport packaging. The electric properties 
are not crucial for this packaging. According to the standard it should be selected 
‘to include all additional packaging requirements for mechanical protection, etc.’ 
This means that this type of packaging can, and may, be a hazard from an ESD 
point of view. Thus it should not be in the EPA. 

0 short-term storage means less than six months; 
0 medium-term storage means from six months up to five years; 
0 long-term storage means more than five years. 

CECC also defines three different storage times where: 
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A storage classification could have been expected to deal with requirements for 
properties during ageing of the packaging materials. No such specified requirements 
exist, only general ones which say that the properties (antistatic, conducting or 
shielding) should be unchanged during storage, transport, use, etc. until re-use or 
discarding. But it is worth noting that this is only the first issue of the standard and 
a draft of Issue 2 was released in July 1994. 

0 the most important electric property, e.g. electrostatic shielding, conductive or 

0 the name and logotype of the manufacturer; 
0 consignment number; 
0 year and month of manufacture. 

Where only limited labelling can be made, e.g. due to lack of space, the above list gives 
the order of priority. In such a case, a certificate containing the above information 
should come with each consignment. 

For internal transport and handling, conductive or dissipative racks, boxes, etc., 
should be used. Handling of the contents of transport boxes should be done within 
the EPA. Furthermore, the standard clearly specifies how the EPA should be 
equipped. 

The measuring of antistatic and shielding properties is described in an appendix to 
the standard. 

The standard emphasizes the importance of a consistent ESD policy. The ESD 
protection work should include all sections where ESDS may be found. There are 
also guidelines for maintenance and service work. 

The important follow-up of the quality of the ESD protection is described exten- 
sively and valuable advice is given with regard to the creation of a quality system. 
A report card is also suggested for periodic auditing. 

The packaging material should be marked with the following information: 

dissipative; 

MEASUREMENT OF ESD PROPERTIES 

Chargeability and discharge time 

There are a number of methods by which chargeability and discharge times can be 
measured. To measure chargeability or the triboelectric properties, some form of 
rubbing (friction) between the materials is used. To consider a material antistatic, it 
has to be antitriboelectric, i.e. not be inclined to be charged and retain high charges 
which may cause damages when discharged. There are a number of standards for 
the testing of discharge time. A common one is to charge the material to a certain 
voltage, e.g. 1500 or 5000V, after which the time is measured for discharging down 
to 10 or 1% of this value. The time interval for such a discharge should be, for 
example, 0.1-1 s ( < 2 s ) .  

Huntsman23 proposes a method for testing film materials which uses a Faraday cup 
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Figure 2. Apparatus arrangement for the inclined roll method of evaluating the antistaticity of a film material. 
A cylinder of a specified material is allowed to roll across the supported surface of a film material and drop into 
a Faraday Cup so that the charge developed on the cylinder is measured. The film sample (8 x 10 in.) is 
adhered to  a smooth support board (-1 2 x 18  in.) so that the film wraps around the bottom edge of the 
board. Tape at the four corners of the film usually suffices to hold the film sample. 

(Figure 2). The method allows a cylinder of a specified material to roll along the 
surface of the film material on an inclined plane, after which the cylinder is 
placed in a Faraday cup and the charges achieved are measured. Several factors 
make this type of measurement complicated, e.g. the cylinder material, weight, 
area and surface smoothness of cylinder and film, surface cleanliness and 
speed of rolling. These factors often result in a wide distribution of measure- 
ment results. Another method for measuring triboelectric charging of antistatic 
material has been developed at Bellcore (Bell Communications Research) 
(Figure 3). A disc@' in the bag under investigation is rubbed against the inside 
of the bag in an up and down motion. The degree of triboelectric charging is 
determined by measuring the charge achieved in a Faraday cup. When testing 
several cylinder materials, Huntsman found that brass was the best material, 
since it differentiated significantly between static and antistatic materials. 
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Figure 3. Measurement of triboelectric charging of anti-static material. (From Eklof eta/.") .  

In conclusion, several test methods suffer from reliability problems. Unger and Hart6 
have shown that the Bellcore method has several advantages. It is a simple, uncompli- 
cated test which rates the materials well and seems to closely reproduce the conditions 
in the handling and transport environment from an ESD point of view. 

Surface resistivity 

By measuring the surface resistivity, i.e. the inverse of the conductivity of the material, 
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Table 3. A comparison between arc discharge and contact discharge 

Topic 

Replicates real-life arc condition including pre-arcing 
Guarantee of a reproducible waveform 
Cannot be performed on hard-to-reach recessed areas 
Requires scratching the paint 
Requires a carefully set gap dimension 
Insensitive to operator's body proximity and other human 

Insensitive to RH 
Totals 

factors 

Arc ESD Direct contact ESD 

+3 
+3 
-3 
-2 

+2 
-1 

+ I  
+2 +1 

Each topic is either a bonus or a penalty, but is never counted on both sides. A 1 (less important) to 
3 (most important) weighting factor has been used. 

an estimate of its ability to conduct electricity is derived and this is independent 
of the dimensions of the material sample. ASTM D-257 is one of the most 
common standard methods to measure surface resistivity. The US EOS/ESDT 
Association Standard Committee is revising this method for release as an 
EOS/ESDY Standard. The major objection to the present method is that it 
mainly focusses on isolating materials. Several norms in this area produce 
different values. Huntsman, among others, has demonstrated that a greater 
degree of static shielding is achieved with surface conductive materials at a 
surface resistivity of < 1 O4 R/square and with volume conductive materials 
(4mil thick) at a volume resistivity of < lOOR/cm. 

As described by Huntsman23 and others, measuring surface resistivity is simpler 
and cheaper than measuring discharge time. Although the different materials 
tested varied with regard to surface resistivity, his measurements resulted in approxi- 
mately the same discharge time. Thus, according to Huntsman, measuring discharge 
time is more likely to yield misleading results. This reasoning is also congruent with 
the debate on contact discharge versus air gap (Table 3). There should, therefore, be 
fewer causes for error when surface resistivity is measured. 

When measuring, for example, whole boxes, the problem is of a more complex 
nature, as described in an informative way by Yenni.24 Investigations of total resis- 
tivity and discharge time of conductive boxes showed that the results were affected 
by the surface on which the boxes were placed. Also, the ability of the box to 
retain its charging varies with the size of the box; the capacitance and thus the 
discharge time is dependent on this. The study also shows that the electrical pro- 
perties cannot be treated individually, as they have been done here for pedagogical 
reasons. 

t EOS = Electrical Over Stress 
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Shielding 

A material is shielding if the surface of the material is electrically conductive enough 
to shield against influence from outer fields. Normally this only applies to electric 
fields, while magnetic fields require completely different precautions, such as thicker 
material, a sealed package, etc. According to Kleiner and P a ~ u r , ~ ~  shielding ability is 
usually measured as the attenuation of a high frequency signal (10 kHz-1 GHz). 

One of the easiest ways to measure the shielding properties of a material is to put an 
inexpensive AM radio receiver inside the material studied. Then a role of cellotape is 
quickly pulled out. If the radio produces ‘cracks’, the shielding is ineffective. Natu- 
rally, before this test one checks that the radio ‘cracks’ without shielding when the 
cellotape is pulled out. Should the material not withstand such a simple test, there 
is of course no need to go into more elaborate testing. This test was described by 
Anderson.26 

One of the classical ways to measure the charging of a material is to use a Faraday 
cup. The Faraday cup may be constructed according to ASTM D-2679 and consist of 
a solid inner cup made of brass, which is connected to an electrometer. The cup is 
mounted on an isolated surface, which is connected to a grounded outer metal box 
which serves as a shield and prevents external signals from affecting the measure- 
ment. The electrometer is connected to the inner brass cup with a shielded wire 
which is grounded to both the electrometer and the aluminium cover. In this way, 
net charges of objects can be measured with a precision of f O . O O 1  nC.7 

The requirements of shielding materials according to O’Shea2’ are: 
0 shielding against electrostatic fields; 
0 protection against direct discharge; 
0 static discharge through contact with grounded conductors; 
0 a minimum build-up of electrostatic charging through friction. 

This review will be concluded in the next issue. 
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